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I INTRODUCTION 
S t a n f o r d  R e s e a r c h  I n s t i t u t e ,  u n d e r  c o n t r a c t  w i t h  t h e  N a t i o n a l  Aero- 
n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n ,  h a s  c o n d u c t e d  a series o f   s tud ie s1 -4  
w h i c h  d e s c r i b e  t h e  e f f e c t s  o f  s u b s o n i c  j e t  a i r c r a f t  n o i s e  a n d  s o n i c  booms 
o n  human s l e e p .   T h e s e   s t u d i e s   u s e d   a d u l t   m a l e s   a s   s u b j e c t s .   A l t h o u g h  
t h e  r e s e a r c h  l i t e r a t u r e  c o n t a i n s  l i t t l e  i n f o r m a t i o n   a b o u t  t h e  s l e e p  
p a t t e r n s  of women? (or, more i m p o r t a n t l y  f o r  o u r  p u r p o s e s ,  t h e  e f f e c t s  
o f   n o i s e   t h e r e o n ) ,  some r e s e a r c h 6   a n d   a n e c d o t a l   i n f o r m a t i o n   s u g g e s t   t h a t  
women may be more s e n s i t i v e  t o  n o i s e  d u r i n g  s l e e p  t h a n  men. I n  l i g h t  
of t h i s  g e n e r a l  l a c k  o f  d a t a  a b o u t  the s l e e p  o f  women, the  s t u d y  d e s c r i b e d  
below was  unde r t aken .  
* 
* 
R e f e r e n c e s  a r e  l i s t e d  a t  the end   o f  t h i s  r e p o r t .  
'See R e f .  5, f o r  e x a m p l e .  
1 
I1 OBJECTIVE 
This  study  was  designed to determine  the  extent  to  which  aircraft 
noises  (subsonic jet aircraft  engine  noise and simulated  sonic booms) as 
might  be experienced  in  real  life would disturb women's sleep and to 
compare  these  effects  with  those  found in earlier  studies  on  men. 
2 
I I I PROCEDURE 
A .  S u b j e c t s  
E i g h t  female v o l u n t e e r s   s e r v e d   a s   s u b j e c t s .   T h e i r  ages, i n  y e a r s ,  
were 29, t w o  of 30, 33, t w o  of 36, 40, and 49.  A l l  h a d   n o r m a l   h e a r i n g  
were i n  g o o d  p h y s i c a l  c o n d i t i o n ;  n o n e  were t a k i n g  a n y  t y p e  of m e d i c a t i o n .  
T h e  s u b j e c t s  d e s c r i b e d  t h e m s e l v e s  a s  n o r m a l  s l e e p e r s  a n d  n o t  p a r t i c u l a r l y  
d i s t u r b e d  b y  n o i s e  a t  n i g h t .  Four of the  s u b j e c t s  were secre ta r ies ;  
there  was a l s o  a s c h o o l   t e a c h e r ,   o n e   c o m p u t e r   p r o g r a m m e r ,   o n e   h o u s e w i f e ,  
a n d  o n e  n u r s e .  
T h e  s u b j e c t s  r e s i d e d  i n  v a r i o u s  a p a r t m e n t s  t h a t  were some d i s t a n c e  
from c o m m e r c i a l   a v i a t i o n   t r a f f i c   p a t t e r n s .   I n   a d d i t i o n ,  before  the 
s t u d y   b e g a n ,  t h e  s u b j e c t s  i n d i c a t e d  t h a t  t h e y  h a d  n o  p a r t i c u l a r  b i a s  f o r  
or a g a i n s t  j e t  a i r c r a f t  n o i s e  of e i ther  sub-  or s u p e r s o n i c  v a r i e t y .  
B . T e s t   P r o c e d u r e  
T h e  s u b j e c t s  came t o  t h e  l a b o r a t o r y  f o r  t w o  s e s s i o n s ;  a n  i n t e r v a l  
of a b o u t  three weeks  s e p a r a t e d  t h e  s e s s i o n s .   D u r i n g  t h e  f i rs t  s e s s i o n  
of three c o n s e c u t i v e  n i g h t s ,  the s u b j e c t s  were accommodated t o  s l e e p i n g  
i n  the l a b o r a t o r y  w i t h  e l e c t r o e n c e p h a l o g r a p h i c  (EEG) electrodes a t t a c h e d  
t o  the i r  h e a d s .   T h e  EEG r e c o r d s  o b t a i n e d  d u r i n g  t h e  l a s t  t w o  n i g h t s  of 
t h i s  s e s s i o n  were used   by  t h e  i n v e s t i g a t o r s  t o  s t u d y  a n d  score the  EEG 
r e c o r d s  a n d  t o  permi t   p rogramming of a n  e x p e r i m e n t a l  c o m p u t e r  d e s i g n e d  
t o  a n a l y z e  a n d  score the s l e e p  EEG r e c o r d s . 4 *  
* 
A l t h o u g h  w e  found  good a g r e e m e n t  b e t w e e n  s l e e p  s tages  s c o r e d  b y  e y e  a n d  
by  computer ,  the  c o m p u t e r ' s  v i s u a l  o u t p u t  ( a n  e l e c t r o s t a t i c  p r i n t e r )  
had  a d e l a y   o f   a b o u t  100 s e c o n d s .   T h i s   d e l a y   p r e c l u d e d ' u s i n g   t h e  com- 
p u t e r  for  i m m e d i a t e  s c o r i n g  of s l e e p  stages,  which ( t o  some e x t e n t ) ,  
c o n t r o l l e d  the time o f  s t i m u l u s  p r e s e n t a t i o n ,  or f o r  e s t i m a t i n g  when 
the s u b j e c t  " r e t u r n e d "  t o  s l e e p  a f t e r  
s l e e p  s tages  a n d   r e s p o n s e s  t o  s t i m u l i  
t a i n e d  t h r o u g h  v i s u a l  a n a l y s i s  of t h e  
b e i n g   a w a k e n e d .   T h e r e f o r e ,  the 




T h e  s e c o n d  session of 14 c o n s e c u t i v e  n i g h t s  was d i v i d e d  i n t o  control  
( n o   n o i s e s )   a n d  tes t  (noises  p r e s e n t e d )   n i g h t s .   T h e   s e q u e n c e  of cont ro l  
and t es t  n i g h t s  i s  i l l u s t r a t e d  i n  Figure 1. I n   g e n e r a l ,  the  s u b j e c t s  
r e g a r d e d  the l a b o r a t o r y  as  a g o o d  p l a c e  t o  s l e e p ,  s i n c e  i t  was quiet, 
L l  SESSION SESSION 2 I 
" 
ABOUT 
3 WEEKS A2 '5 T9 T8 T7 '4 '3 T6 T5 T4  T3 T2 Tl '2 
NIGHT 1 2 3 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  
CODE: A. - Accommodation  to  Laboratory. Electrodes not Attached, No Stimuli Presented 
A1,2 - Same as A. except Electrodes Attached and EEG Recorded 
Cn - Control Night-No Stimuli Presented, EEG Recorded 
T, - Test  Night-Stimuli  Presented, EEG Recorded 
SA-1072-1 
FIGURE 1 SEQUENCE OF CONTROL AND TEST  NIGHTS 
well a i r - c o n d i t i o n e d ,   a n d  the  beds   comfor t ab le .   None  of  t h e  s u b j e c t s  
v o i c e d  a n y  s i g n i f i c a n t  d i s c o m f o r t  t o  t h e  e l e c t r o d e s  a f t e r  t h e  f i r s t  
a c c o m o d a t i o n  n i g h t  a n d  a l l  s u b j e c t s  a p p e a r e d  t o  be s l e e p i n g  n o r m a l l y ;  
hence ,  i t  was   concluded  t h a t  a s i n g l e   a c c o m m o d a t i o n   n i g h t   d u r i n g   t h e  
s e c o n d   s e s s i o n  was s u f f i c i e n t .  (See a l s o  Refs.  7 and 8) . 
A l l  s u b j e c t s   p a r t i c i p a t e d   f u l l y   i n   t h e   s c h e d u l e   s h o w n .  On t h e  f i r s t  
n i g h t  i n  t he  l a b o r a t o r y ,  t h e  p u r p o s e   o f  t h e  e x p e r i m e n t   w a s   e x p l a i n e d  
b r i e f l y ,  a f e w   q u e s t i o n s  were a n s w e r e d ,   a n d   t h e   s u b j e c t s   w e n t  t o  b e d .  
Two s u b j e c t s ,  e a c h  i n  a s i n g l e   b e d ,   o c c u p i e d   e a c h  of two i d e n t i c a l  rooms. 
E a c h  s u b j e c t  a l w a y s  s l e p t  i n  t h e  b e d  a s s i g n e d  h e r  o n  the  f i r s t  n i g h t .  
On n i g h t  Ao, e a c h   s u b j e c t  was i n s t r u c t e d  t o  u s e   h e r  "awake" switch i f  
she should  awaken f o r  any r e a s o n .  T h i s  i n s t r u c t i o n  w a s  r e p e a t e d   o n   n i g h t  
C 2 .  I n   a d d i t i o n ,   e a c h   n i g h t   ( a f t e r  the  s u b j e c t s  were i n  bed  and t h e  
e l e c t r o n i c   s y s t e m s   c h e c k e d   a n d   c a l i b r a t e d )  the s u b j e c t s  were a s k e d  t o  
u s e  t he i r  "awake" switches a s  i f  t o  c h e c k  t h a t  the  switches were o p e r a t -  
i n g   p r o p e r l y .   T h e   s u b j e c t s  were g i v e n  no f u r t h e r   i n s t r u c t i o n s .   T h e y  
were n e v e r   t o l d   a h e t h e r   t h e   n o i s e s   w o u l d   o c c u r ,   a n d  i f  t h e y   a s k e d  i n  t h e  
morning how many s t i m u l i  h a d  b e e n  p r e s e n t e d  t h e  p r e c e d i n g  n i g h t ,  t h e y  
* 
* 
T h e s e  switches were a f f i x e d  t o  t h e  h e a d b o a r d s  o f  t h e  b e d s ,  w i t h i n  e a s y  
reach o f  t h e  s u b j e c t s .  
4 
were g i v e n  v a g u e  a n s w e r s  s u c h  as  " s e v e r a l , "  'la couple ,"  "more than  tha t , "  
or "fewer t h a n  t h a t  .'I 
U s u a l l y  the s t i m u l u s  s e q u e n c e  f o r  a g i v e n  room began  abou t  45 t o  60 
m i n u t e s  a f t e r  the  s u b j e c t s  were i n  b e d  a n d  a f t e r  both s u b j e c t s  i n  t h a t  
room were a t  l e a s t  i n  s l e e p  s t a g e  2. A s u b s o n i c  j e t  f l y o v e r  n o i s e  o r  a 
s i m u l a t e d  s o n i c  boom--as i f  h e a r d   i n d o o r s - - w a s   p r e s e n t e d  a t  random  and 
a t  a n  i n t e n s i t y  c h o s e n  r a n d o m l y  from among the three p o s s i b l e  i n t e n s i t i e s .  
T h e  r a n d o m i z a t i o n  was r e s t r i c t e d  s u c h  t h a t  t h e  f l y o v e r  n o i s e  a n d  s o n i c  
boom were t o  be p r e s e n t e d  s i x  times e a c h  d u r i n g  a test n i g h t ,  twice a t  
each of three i n t e n s i t i e s .   T h u s   t w e l v e   s t i m u l u s   p r e s e n t a t i o n s  were 
s c h e d u l e d  each n i g h t .  On occas ion ,   however ,   because   one  or  a n o t h e r   s u b -  
j e c t  a w a k e n e d  e a r l y  ( a b o u t  5 :  15 a.m.) a n d  d i d  n o t  go back  t o  s l e e p  before 
a r i s i n g  ( g e n e r a l l y  a b o u t  6:OO a.m.),  t h e  s t i m u l u s   s e q u e n c e   w a s   a b o r t e d .  
An a v e r a g e  of a b o u t  t e n  s t i m u l i  were p r e s e n t e d  n i g h t l y  o v e r  t h e  n i n e  tes t  
n i g h t s  i n  e a c h  room, w i t h  a r a n g e  of n i n e  t o  t w e l v e  s t i m u l i  p e r  n i g h t .  
C .  S t i m u l i  
T a b l e  1 p r e s e n t s  some c h a r a c t e r i s t i c s  o f  t h e  s u b s o n i c  j e t  f l y o v e r  
n o i s e   a n d  t h e  s i m u l a t e d   s o n i c  boom. T h e   s t i m u l i  were p r e s e n t e d   a b o u t  
o n c e   e v e r y  35 minu tes ,   on  t h e  a v e r a g e ,   b u t   n e v e r  more f r e q u e n t l y  t h a n  
o n c e   e v e r y  20 m i n u t e s .   T h i s   a m o u n t   o f   v a r i a b i l i t y   b e t w e e n   s t i m u l u s   p r e s -  
e n t a t i o n  i s  n o t  i n c o n s i s t e n t  w i t h  a i r c r a f t  o v e r f l i g h t  p a t t e r n s ,  e s p e c i a l l y  
a s  t h e y  m i g h t  be e x p e r i e n c e d  i n  homes some d i s t a n c e  from l a r g e r  major 
a i r p o r t s ;  homes d i r e c t l y  below t h e  l a n d i n g  p a t t e r n s  a t  m a j o r  a i r p o r t s  
m i g h t  e x p e r i e n c e  t h e  n o i s e s  much more f r e q u e n t l y .  
S t i m u l u s  i n t e n s i t i e s  were selected t o  be r e p r e s e n t a t i v e  of those 
f r o m   s u b s o n i c  j e t  a i r c r a f t  now i n  c o m m e r c i a l  u s e  a n d  ( i n  t h e  c a s e  of 
booms) those e x p e c t e d   f r o m  t h e  s u p e r s o n i c   t r a n s p o r t .  For p r a c t i c a l  r ea -  
s o n s ,  s t i m u l u s  i n t e n s i t i e s  a r e  u s u a l l y  d e s c r i b e d  i n  terms of ou t -o f -door s  
l eve ls .  I n t e n s i t i e s   i n d o o r s   ( v i z . ,   i n  t h e  t e s t  room,) were a s   i n d i c a t e d  
i n  T a b l e  1. 
T h e  s o n i c  boom s i m u l a t o r s  u s e d  i n  these tests g e n e r a t e  a n d  m o d u l a t e  
llboomslt i n  a manner s i m i l a r  t o  t h a t  f o u n d  i n  t y p i c a l  honies s t r u c k  b y  a n  
a c t u a l   s o n i c  boom. ( R e f e r e n c e  1 p r o v i d e s  a c o m p l e t e   d e s c r i p t i o n  of t h e  
s i m u l a t o r . )   T h e   s u b s o n i c  j e t  n o i s e  was a s e l e c t e d   r e c o r d i n g   o b t a i n e d  
i n  a bedroom of a t y p i c a l  h o u s e  when a s u b s o n i c  j e t  a i r c r a f t  was p a s s i n g  
o v e r h e a d  a t  a n  a l t i t u d e  of a b o u t  500 f t ;  i t  was p l a y e d   b a c k  a t  v a r i o u s  
i n t e n s i t i e s ,  d e p e n d i n g  u p o n  the  p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n s .  
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T a b l e  1 
S t i m u l u s  
S i m u l a t e d  
S o n i c  
Boom I 
S u b s o n i c  
J e t  
F l y o v e r  I 
PARAMETERS  OF  THE  SIMULATED  SONIC  BOOMS 
AND SUBSONIC JET FLYOVER NOISES 
Peak 
I n t e n s i t y *  D u r a t i o n  
* 
( m s )  
5.0 p s f  300 
2 .5  ps f  




113 PNdB " 
101 PNdB " 
" 
D u r a t i o n  
I n t e n s i t y  Near t o  20-dB 
Maximum 
S u b j e c t ' s  E a r ?  Down P o i n t s  Rise Time 
* 















As i f  measured   ou t -of -doors .  
t Measured ,  u s ing  B&K s o u n d  l e v e l  meter (Microphone  Type 413) and  Genera l   Radio  
Real   Time  Analyzer   Type  1921.  S l i g h t  v a r i a t i o n s  ( w i t h i n  2 dB) between rooms 
and d i f f e r e n t   p r e s e n t a t i o n s  of t h e   s t i m u l i ,   p a r t i c u l a r l y  booms, e x i s t .  The 
v a l u e s  r e p o r t e d  a r e  a v e r a g e s  o v e r  some 10 r e p e t i t i o n s  i n  e a c h  room. 
D .  S c o r i n g  t h e  E l e c t r o e n c e p h a l o g r a m  
T h e  e l e c t r o e n c e p h a l o g r a m s ,  (EEG) from s t a n d a r d  e l e c t r o d e  p l a c e m e n t s  
recommended  by  Rechtschaffen  and Kales9 and a s  u s e d  i n  t h e  e a r l i e r  s t u d 9  
were m o n i t o r e d  c o n t i n u o u s l y  t h r o u g h o u t  t h e  n i g h t  (from a b o u t  10:30 p.m. 
u n t i l  a b o u t  5:30 a.m.) i n  order t o  d e t e r m i n e  the s t a g e  of s l e e p  a n d  the 
e f f e c t s  of n o i s e  t h e r e o n .  
E l e c t r o d e  p l a c e m e n t s  were: 
An  EEG from a r i g h t  o r  l e f t  (C3 o r  C4) c e n t r a l  e l e c t r o d e  
monopolar  w i th  r e s p e c t  t o  t h e  c o n t r a l a t e r a l  m a s t o i d  (A.1 o r  A 2 ) .  
Two e l e c t r o d e s   p r o x i m a l  t o  t h e  o u t e r   c a n t h i   o f  each e y e  
and both monopolar  w i t h  r e s p e c t  t o  a s i n g l e  r e f e r e n c e  
e l e c t r o d e   j u s t   a b o v e  the  n a s i o n .   T h e s e   e l e c t r o d e s   a r e  
u s e d  t o  r e c o r d  t h e  eye   movemen t s   r equ i r ed  t o  i n d i c a t e  s l e e p  
s tage  REM ( r a p i d  e'ye  movements) . 
B i p o l a r   e l e c t r o d e s   o n   t h e  lower c h i n ,   o n e  t o  two c m  t o  t h e  
r i g h t  and l e f t  o f  t h e  m i d l i n e .   T h e   m y o g r a p h i c   a c t i v i t y  
r e c o r d e d  is u s e d  t o  a s s i s t  i n  s c o r i n g  s l e e p  s t a g e  REM. 
F o u r  c a t e g o r i e s  were u s e d  t o  score t h e  r e s p o n s e s  of s u b j e c t s  t o  t h e  
s t i m u l i .   T h e   f i r s t ' t h r e e   c a t e g o r i e s   a r e  scores o b t a i n e d   b y   e x a m i n a t i o n  
of t h e  EEG; t h e  f o u r t h  c a t e g o r y  w a s  u s e d  o n l y  i f  t h e  s u b j e c t  p r e s s e d  her 
q l  awake switch." T a b l e  2 p r e s e n t s   t h e   c r i t e r i a   u s e d  t o  a s s i g n  these 
scores .  
E .  C o n t r o l   T r i a l s  
T h e  l a b o r a t o r y  i n  which t h e  s t u d y  w a s  c o n d u c t e d  c o n s i s t s  o f  two 
i d e n t i c a l  tes t  rooms, e a c h  w i t h  i t s  own s o n i c  boom g e n e r a t o r ,  l o u d s p e a k e r  
s y s t e m ,   e l e c t r o e n c e p h a l o g r a p h ,   a n d   o t h e r   e l e c t r o n i c   a n d   m e c h a n i c a l   h a r d -  
w a r e .   I n   a d d i t i o n ,  the  rooms a r e   i s o l a t e d  so t h a t  a s t i m u l u s   p r e s e n t e d  
i n  o n e  room i s  n o t  d e t e c t a b l e  i n  t he  o t h e r .  With t h i s  l a b o r a t o r y   a r r a n g e -  
ment,  tes t  t r i a l s  c a n  a l t e r n a t e  w i t h  c o n t r o l  t r i a l s  i n  a n y  g i v e n  room. 
For   example ,  i f  t h e  f irst  s t i m u l u s  fo r  t h e  n i g h t  were p r e s e n t e d  t o  Room 
1, t h e n  t h a t  p e r i o d  ( d u r i n g  the s t i m u l a t i o n  o f  Room 1) was c o n s i d e r e d  a 
c o n t r o l  t r i a l  f o r  s u b j e c t s  i n  Room 2 .  T h e   n e x t   s t i m u l u s ,  which was i d e n -  
t i c a l  t o  t h a t  j u s t  p r e s e n t e d  i n  Room 1, was p r e s e n t e d  i n  Room 2, and t h e  
p e r i o d  d u r i n g  which the s t i m u l u s  is  p r e s e n t  i n  Room 2 was c o n s i d e r e d  a 
c o n t r o l  t r i a l  f o r  t h e  s u b j e c t s  of Room 1. T h i s  p r o c e s s  of a l t e r n a t i n g  
t es t  a n d  c o n t r o l  t r i a l s  i n  a n y  g i v e n  room c o n t i n u e d   t h r o u g h o u t  the  n i g h t ,  
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T a b l e  2 
SCORING CRITERIA FOR  ELECTROENCEPHALOGRAMS 
Response  Requ i red  
No c h a n g e   i n  EEG. T h i s   c a t e g o r y   a l s o   i n c l u d e s  "K complexes," 
br ief  b u r s t s  o f  A l p h a  ( a b o u t  10 Hz a c t i v i t y ) ,  s p i n d l e s ,  a n d  
e y e  m o v e m e n t s ,  a s  a p p r o p r i a t e  f o r  t h e  s u b j e c t ' s  s l e e p  s t a g e .  
S l e e p  s t a g e  c h a n g e  o f  o n e  o r  t w o  s t e p s ,  b u t  w i t h o u t  a r o u s a l .  
The  change  mus t  occur  wi th in  30 s e c o n d s  o f  s t i m u l a t i o n  a n d  
c o n t i n u e  f o r  a t  l e a s t  a n  a d d i t i o n a l  40 s e c o n d s .  
A r o u s a l  o f  a t  l e a s t  10 s e c o n d s  d u r a t i o n ,  b u t  w i t h o u t  u s e  of 
t h e  "awake" s w i t c h .   T y p i c a l l y   s u c h  a r e c o r d   s h o w s   b r i e f  
b u r s t s  o f  A l p h a ,  10 o r  more  seconds  o f  l ow-ampl i tude  Be ta  
(20-40 Hz)  a c t i v i t y ,  and gross   body  movements .  
Awake r e s p o n s e ,  i n  w h i c h  t h e  s u b j e c t  a f t e r  a r o u s a l  w i l l  move 
a b o u t   a n d   u s e   t h e   " a w a k e "   s w i t c h .   U s u a l l y   t h e   r e s p o n s e  
o c c u r s  w i t h i n  o n e  m i n u t e  of s t i m u l u s  t e r m i n a i i o n .  
* 
*tr K complexes ,"   Alpha ,   sp indles ,   and   eye   movements   occur   normal ly   in  
t h e  EEG i n  some s l e e p  s t a g e s .  I f  s u c h  a c t i v i t y  was s c o r e d   a s  a re- 
s p o n s e ,  t h e  s u b j e c t s  i n  t h o s e  s t a g e s  w o u l d  a p p e a r  t o  b e  o v e r l y  s e n -  
s i t i v e  t o  s t i m u l a t i o n  a s  compared t o  s t a g e s  i n  w h i c h  t h e  a c t i v i t y  
d o e s  n o t  n o r m a l l y   o c c u r   ( R e f .  2 ,  p .  10) .  
r e s u l t e d  i n  a n  a p p r o x i m a t e l y  e q u a l  number o f  test a n d  c o n t r o l  t r i a l s  f o r  
e a c h  s u b j e c t  o n  a n y  g i v e n  n i g h t  d u r i n g  w h i c h  s t i m u l i  were p r e s e n t e d .  
A s  c a n  b e  s e e n  i n  T a b l e  3, t h e  s u b j e c t s  c h a n g e d  s l e e p  s t a g e  i n  o n l y  
f i v e   i n s t a n c e s   ( a b o u t  1 p e r c e n t  of t h e   3 6 1   c o n t r o l   t r i a l s ) .   T h e   s u b j e c t s  
were n e v e r  a r o u s e d  ( s c o r e  o f  2) d u r i n g  t h e s e  c o n t r o l  p e r i o d s ;  h o w e v e r ,  a 
s i n g l e  s u b j e c t  d i d  b e h a v i o r a l l y  awaken o n c e  ( u s e  t h e  " a w a k e "  s w i t c h ) .  
We c o n c l u d e ,  t h e r e f o r e ,  t h a t  t h e  r e s u l t s  d e s c r i b e d  b e l o w  a r e  m a i n l y  re- 
s p o n s e s  t o  t h e  s u b s o n i c  je t  f l y o v e r  n o i s e s  a n d  s i m u l a t e d  s o n i c  booms, 
a n d  d o  n o t  r e f l e c t  s p o n t a n e o u s  or n o r m a l l y  o c c u r i n g  c h a n g e s  i n  s l e e p .  
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T a b l e  3 
RESPONSE  FREQUENCIES DURING CONTROL TRIALS 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
r 
Test 
T r i a l s  1 2 3  0 T r i a l s  Number 
T e s t  Response Type C o n t r o l  Room 
Number o f  Number o f  
1 185 3 0 0  178 181 
(98 .3 )  ( 1 . 7 )  
2 183 2 0 1  177 180 
( 9 8 . 3 )  (0.6) ( 1 . 1 )  
F .  C o n t r o l   N i g h t s  
T h e  p r i m a r y  p u r p o s e  o f  t h e  c o n t r o l  n i g h t s  ( l a b e l e d  Cn i n  F i g u r e  1 )  
was t o  o b t a i n  s o m e  m e a s u r e  o f  t h e  e x t e n t  t o  w h i c h  s t i m u l i  p r e s e n t e d  d u r i n g  
a n i g h t  c h a n g e d  o v e r a l l  s l e e p  p a t t e r n s  when compared t o  n i g h t s  d u r i n g  
w h i c h  s t i m u l i  were n o t  p r e s e n t e d ,  p a r t i c u l a r i l y  w i t h  respect t o  n i g h t s  
c3 and  Cq. A s e c o n d a r y   p u r p o s e  was t o  p r e c l u d e  an a n t i c i p a t i o n  of h e a r i n g  
n o i s e s  e a c h  n i g h t .  Due t o  a l a c k   o f  time f o r  t h e  n e c e s s a r y  d e t a i l e d  
a n a l y s i s  o f  a l l  t h e  s l e e p  r e c o r d s ,  t h i s  r e p o r t  d o e s  n o t  d e s c r i b e  t h e  
e f f e c t  o f  n o i s e  o n  s l e e p  p a t t e r n s  t h r o u g h o u t  t h e  n i g h t  a s  c o m p a r e d  t o  
p a t t e r n s  o b t a i n e d  when n o i s e   w a s   n o t   p r e s e n t .   S u c h  a r e p o r t  may be  pub- 
l i s h e d  s u b s e q u e n t l y .  
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I V  RESULTS 
A .  C o m p a r a b i l i t y  o f  S u b j e c t s  
O u r  p r e v i o u s  s t u d ?  i n d i c a t e d  t h a t  d i f f e r e n t  s e n s i t i v i t i e s  t o  n o i s e  
d u r i n g   s l e e p   m i g h t   b e   e x p e c t e d   w i t h i n  an   age   g roup .   The   da t a   ob ta ined  
i n  t h i s  s t u d y  d o  n o t  l e a d  t o  a s i m i l a r  c o n c l u s i o n ,  r a t h e r  t h e  s u b j e c t s  
r e s p o n d e d  t o  t h e  s t i m u l i  a s  m i g h t  be e x p e c t e d  i f  a  n o r m a l  d i s t r i b u t i o n  
o f  s e n s i t i v i t y  t o  n o i s e  i s  assumed.   Table  4 s h o w s   t h e   r e s p o n s e   f r e q u e n -  
cies o f  e a c h  o f  t h e  e i g h t  s u b j e c t s .  T h e s e  d a t a  s u g g e s t  r e l a t i v e l y  w i d e  
d i f f e r e n c e s   b e t w e e n   s u b j e c t s .   H o w e v e r ,   a s   i l l u s t r a t e d   i n   F i g u r e  2, t h e  
r e s p o n s e  f r e q u e n c i e s  o f  f i v e  o f  t h e  e i g h t  s u b j e c t s  s h o w e d  a n  a p p a r e n t l y  
n o r m a l   d e g r e e   o f   s i m i l a r i t y   a n d   o v e r l a p .   T h r e e   s u b j e c t s  (LL, EM, and 
FP) a p p e a r  t o  b e  a t  t h e  e x t r e m e s ,  b u t  p r o b a b l y  w i t h i n  t h e  limits of  a 
n o r m a l   d i s t r i b u t i o n ,  We t h e r e f o r e   c o n c l u d e   t h a t   t h e   d a t a   o b t a i n e d   a r e  
r e p r e s e n t a t i v e  o f  t h o s e  e x p e c t e d  i n  a  n o r m a l  d i s t r i b u t i o n ,  and t r e a t e d  
t h e m  a c c o r d i n g l y .  T h e  s e n s i t i v i t y  d i f f e r e n c e s  i n  men r e p o r t e d  e a r l i e r 3  
may h a v e  b e e n  r e l a t e d  t o  t h e  p a r t i c u l a r  subjec ts  (6 i n  e a c h  o f  two  age 
g r o u p s )   s t u d i e d .  
B.  R e s p o n s e s   t o   F l y o v e r   N o i s e   a n d   t o   S o n i c  Booms 
C l e a r  d i f f e r e n c e s  i n  t h e  r e s p o n s e s  t o  s u b s o n i c  j e t  n o i s e  a n d  s i m u l a t e d  
s o n i c  booms were f o u n d ,   a s  shown i n  T a b l e  5 .  W h e r e a s   t h e   f r e q u e n c i e s  
of  Type 1 and 2 r e s p o n s e s  t o  t h e  f l y o v e r  n o i s e  a n d  booms were s i m i l a r  
( a  d i f f e r e n c e  o f  a b o u t  4 p e r c e n t a g e  p o i n t s  i n  t h e  f r e q u e n c y  o f  T y p e  1 
r e s p o n s e s  a n d  a b o u t  1 p o i n t  f o r  T y p e  2 r e s p o n s e s ) ,  much l a r g e r  d i f f e r e n c e s  
i n   t h e   f r e q u e n c y   o f   T y p e  0 and  Type 3 r e s p o n s e s  were o b t a i n e d :   a b o u t  
22 percen t  more  Type 0 r e s p o n s e s  a n d  a b o u t  26 percen t  f ewer  awake  r e sponses  
(Type 3) t o  s i m u i a t e d  s o n i c  booms, a s   c o m p a r e d   t o   t h e   f r e q u e n c y   o f   t h o s e  
r e s p o n s e s  t o  s u b s o n i c  je t  f l y o v e r  n o i s e .  
C .  R e s p o n s e  t o  S u b s o n i c  Je t  F l y o v e r  N o i s e  
As t h e  i n t e n s i t y  o f  t h e  f l y o v e r  n o i s e  w a s  i n c r e a s e d  f r o m  1 0 1  t o  
1 1 9  PNdB, t h e  f r e q u e n c y  o f  T y p e  0 r e s p o n s e s  d e c r e a s e d  a b o u t  33 p e r c e n t  
( f r o m  51 p e r c e n t  t o  18 p e r c e n t ) ,  while t h e  f r e q u e n c y  o f  a w a k e  r e s p o n s e s  
i n c r e a s e d   a b o u t  36 p e r c e n t .  No s y s t e m a t i c   c h a n g e   i n   t h e   f r e q u e n c y  of 
Type 1 responses  was  no ted ,  a l though  the  o the r  EEG-de te rmined  r e sponse  
10 
T a b l e  4 
RESPONSE  FREQUENCIES OF EIGHT FEMALE SUBJECTS 
TO SUBSONIC JFT I%YOVER NOISE AND SIMULATED SONIC BOOMS 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  



















T R' esDonse Type 
- 
2* 
= 9 0 . 6 9 ,  2 1  d f  ( d e g r e e s  of freedom),   p  < 0.001.  
* 
Chi - squa re  i s  a t e c h n i q u e  f o r  e s t i m a t i n g  t h e  s t a t i s t i c a l  
s i g n i f i c a n c e  of t h e  d i f f e r e n c e s  o b s e r v e d  b e t w e e n  t h e  
s e v e r a l  d i s t r i b u t i o n s  o f  r e s p o n s e  f r e q u e n c i e s  .lo 
( a r o u s a l ,  o r  a r e s p o n s e  o f  2)  showed  a s l i g h t  i n c r e a s e  o f  a b o u t  3 p e r -  
c e n t a g e  p o i n t s .  T h e s e  d a t a  a r e  p r e s e n t e d  i n  T a b l e   6 .  
T h e  s o m e w h a t  g r e a t e r  r a t e  o f  g r o w t h  o f  a w a k e n i n g  a t  h i g h e r  s t imulus  
i n t e n s i t y  l e v e l s  may b e  o f  i n t e r e s t .  An i n c r e a s e  o f  6 PNdB ( f r o m  113 t o  
119 PNdB) r e s u l t e d  i n  a n  i n c r e a s e  o f  a b o u t  1 4  p e r c e n t  i n  t h e  f r e q u e n c y  
of  Type  3 r e s p o n s e s ,  o r  a r a t e  o f  a b o u t  2 . 3  p e r c e n t  p e r  dB i n c r e a s e  o f  
i n t e n s i t y .   I n   c o n t r a s t ,   a n   i n c r e a s e  of 1 2  PNdB a t   l o w e r   s t i m u l u s   l e v e l s  
11 




FIGURE 2 RELATIVE  SENSITIVITY OF EIGHT WOMEN T O  SUBSONIC 
JET AIRCRAFT NOISE AND SIMULATED SONIC BOOMS 
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T a b l e  5 
RESPONSE  FREQUENCIES OF WOMEN 
TO  SUBSONIC JET FLYOVER NOISE AND SIMULATED SONIC BOOMS 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
Response  Type  
S t i m u l u s  
144 30 67 102 F l y o v e r  
3 2 1 0 
Noise 
S o n i c  
(42.0) ( 8 . 7 )  (19.5) (29.7) 
(15.9) (9 .4 )  (23.7) (51.0) Booms 
61 36 91 196 
x2 = 65.3, 3 d f ,  p c 0,001. 
T a b l e  6 
RESPONSE  FREQUENCIES OF WOMEN TO  SUBSONIC 
JET FLYOVER NOISE AT THREE INTENSITIES~ 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
I n t e n s i t y  o f  
F l y o v e r  Noise 




r Response  Type  
3 
* 
As i f  measu red   ou t -o f -door s .  
' T o t a l s  i n  t h i s  a n d  s u b s e q u e n t  t a b l e s  a r e  n o t  
e q u a l  t o  those of T a b l e  5, s i n c e  o c c a s i o n a l l y  
a s t i m u l u s  o c c u r r e d  d u r i n g  s l e e p  s t a g e  1, and 
t h e  r e s u l t s  t h e r e o f  a r e  e x c l u d e d .  
x2 = 44.6 ,  6 d f ,  p c 0.001. 
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(from 101 t o  113 PNdB) resulted i n  an increase of about 22 percent i n  
awake   r e sponses ,  o r  a r a t e  of 1.8 p e r c e n t  per dB. T h e s e  results are con- 
s i s ten t  w i t h  t r e n d s  of the da ta  r e p o r t e d  b y  K r y t e r l l  f o r  annoyance (F ig .  
211, pg 372) or  g e n e r a l  d is turbance by (F ig .  220A, pg 389) a i r c r a f t  n o i s e .  
In t h e  p r e v i o u s  s tud ie s2 j3  t h e  s l e e p  s tage  d u r i n g  w h i c h  the s t imulus 
o c c u r r e d  was  found t o  be r e l a t e d  t o  o r  m o d i f i e d  b y  t h e  r e s p o n s e s  t o  t h e  
f l y o v e r  n o i s e .  S i m i l a r  r e s u l t s  f r o m  t h i s  s t u d y  a r e  p r e s e n t e d  i n  T a b l e  7 .  
T a b l e  7 
RESPONSE  FREQUENCIES  OF WOMEN TO SUBSONIC 
JET FLYOVER DURING THREE SLEEP STAGES 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
S l e e p  
2 
D e l t a  
( 3  and  4) 
REM 
( R a p i d  Eyc 
Movement) 
Y = 31.4 ,  
Response  Type  
0 
( 5 . 3 )  ( 1 6 . 8 )  ( 2 9 . 5 )  
5 16 2 8  
( 1 2 . 8 )   ( 3 7 . 2 )   ( 1 7 . 9 )  
1 0  29   14  
( 9 . 1 )   ( 1 0 . 9 )  ( 3 6 . 4 )  
15 18 60 
2 1 
d f ,  p < 0.001. 
3 
T h e  s u b j e c t s  were a w a k e n e d  l e a s t  f r e q u e n t l y  ( b u t  a l s o  showed t h e  lowest 
i n c i d e n c e  of Type 0 r e sponses - - abou t   32   pe rcen t   and  18 p e r c e n t ,  r e s p e c -  
t i v e l y )  t o  f l y o v e r  n o i s e  o c c u r r i n g  d u r i n g  s l e e p  s t a g e  D e l t a  ( s t a g e s  3 
and 4 c o m b i n e d ) .   F l y o v e r   n o i s e s   o c c u r r i n g   d u r i n g   s l e e p   s t a g e s  2 and REM 
were found t o  awaken t h e  s u b j e c t s  some 1 0  t o  1 5   p e r c e n t  more f r e q u e n t l y  
t h a n  s i m i l a r  n o i s e s  o c c u r r i n g  d u r i n g  s l e e p  s t a g e  D e l t a ;  h o w e v e r ,  t h e  s u b -  
j ec t s  o b t a i n e d  t h e  h i g h e s t  f r e q u e n c y  of Type 0 r e s p o n s e s  d u r i n g  t h e s e  
s t  a g e s  . 
T h e  r e l a t i v e l y  low f requency  o f  Type  0 and  Type 3 r e s p o n s e s  
o c c u r r i n g  d u r i n g  s l e e p  s t a g e  D e l t a  a p p e a r s  t o  h o l d  a t  t h e  t h r e e  i n t e n -  
s i t i e s  o f  f l y o v e r  t e s t e d ,  A s  shown i n  T a b l e  8, t h e   f r e q u e n c y  of Type 3 
r e s p o n s e s  i s  lowest d u r i n g  s l e e p  s t a g e  D e l t a  a t  t h e  t h r e e  s t i m u l u s  l e v e l s .  
T h e  s m a l l e s t  p e r c e n t a g e  of Type 0 r e s p o n s e s  was a l s o  o b s e r v e d  a t  two of 
t h e  t h r e e  i n t e n s i t i e s  (101 and 119 PNdB), a l t h o u g h  a t  t h e  two h i g h e s t  
f l y o v e r  i n t e n s i t i e s  ( 1 1 3  a n d  119 PNdB) t h e  f r e q u e n c i e s  of Type 0 r e s p o n s e s  
14 
during  stages  Delta and REM are  almost  equal,  and  probably  statistically 
insignificant. 
Table 8 
RESPONSE  FREQUENCIES OF WOMEN 
TO SUBSONIC JET FLYOVER  NOISE AT THREE  INTENSITIES 
DURING THE  THREE SLEEP  STAGES 























As if measured out-of -doors. 
= 17.2, 6 df,  0.01 > p > 0.005 
*X2 = 6.9, 6 df, N . S .  
= 21.5, 6 df, 0.005 > p > 0.001. 
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T a b l e  8 a l s o  i n d i c a t e s  t h a t  t h e  f r e q u e n c y  of b e h a v i o r a l  a w a k e n i n g s  
i n  e a c h  s l e e p  s t a g e  i n c r e a s e d  a s  t h e  s t i m u l u s  i n t e n s i t y  i n c r e a s e d ,  a n d  
t h a t  t h e  f r e q u e n c y  of Type 0 r e s p o n s e s  d e c r e a s e d  w i t h  i n t e n s i t y  i n c r e a s e s  
i n  s l e e p  s t a g e s  D e l t a  a n d  REM. No s y s t e m a t i c   c h a n g e s  were o b s e r v e d  i n  
t h e  f r e q u e n c i e s  of Type 1 or  2 r e s p o n s e s  w i t h  i n c r e a s e s  of s t i m u l u s  i n -  
t e n s i t y .  ( A  p o s s i b l e   e x c e p t i o n  i s  t h e   g e n e r a l   i n c r e a s e  of a r o u s a l  re-  
s p o n s e s  d u r i n g  s t a g e  D e l t a  w i t h  i n c r e a s e s  i n  f l y o v e r  l e v e l . )  
D .  R e s p o n s e   t o   S i m u l a t e d   S o n i c  Booms 
T h e  s u b j e c t s  t y p i c a l l y  s h o w e d  a n  i n c r e a s i n g  f r e q u e n c y  of Type 3 
r e s p o n s e s  t o  s o n i c  b o o m s   o f   h i g h e r   i n t e n s i t y ,   a n d  a d e c r e a s i n g  f r e q u e n c y  
of Type 0 r e s p o n s e s .  N o  s y s t e m a t i c   c h a n g e s  were found i n  t h e   f r e q u e n c y  
of Type 1 and  Type 2 r e s p o n s e s .  T h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  9. 
T a b l e  9 
RESPONSE  FREQUENCIES OF WOMEN 
TO  SIMULATED SONIC BOOMS AT  HREE INTENSITIES 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
I n t e n s i t y  o f  





92 27 9 2 
(70.8) ( 2 0 . 8 )  (6.9) (1.5) 
59 35 13 13 
(49.2) (29.2) (10.8) (10.8) 
43 29 14 44 
(33.1) (22.3) (10.8) (33.8) 
* 
As i f  m e a s u r e d  o u t - o f - d o o r s .  
x2 = 67.8, 6 d f ,  p c 0.002. 
A s  n o t e d  i n  r e s p o n s e  t o  t h e  f l y o v e r  n o i s e s ,  t h e  s u b j e c t s  t y p i c a l l y  
were awakened l e a s t  f r e q u e n t l y  d u r i n g  s l e e p  s t a t e  D e l t a ,  b u t  d u r i n g  t h i s  
s t a g e  t h e y  a l s o  showed t h e  lowest f r e q u e n c y   o f   T y p e  0 r e s p o n s e s .   T h e s e  
r e s u l t s   a r e   p r e s e n t e d   i n   T a b l e  10. Note, h o w e v e r ,   t h e   s t a t i s t i c a l   a n a l y -  
s is  o f  t h e  d a t a  ( T a b l e  1 1 )  i n d i c a t e s  t h a t  t h e  s t a g e  e f f e c t  was   conf ined  
t o  s o n i c  booms o f   t h e  t w o  h i g h e s t  i n t e n s i t i e s  (2.5 and 5.0 p s f ) .  S i n c e  
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Table 10 
RESPONSE  FREQUENCIES OF WOMEN 
TO SIMULATED SONIC BOOMS 
DURING THREE SLEEP STAGES 
(Numbers in  parentheses  are  percentages)  
1 Sleep Response Type 
S t  age 3 1 2 0 
111 29 
4 10 37 27 
(21.5) (10.2)  (14.1) (54.1) 
44 21 
(34.6) (47.4) (12.8) (5.1) 
56 25 





x2 = 56.7, 6 df, p c 0.001. 
the trend of t he  da t a  fo r  booms of lowest intensity (0.67 pSf) i s  Con- 
sistent wi th  tha t  for  the  two higher i n t e n s i t y  booms and wi th  tha t  for  
f lyover noise (Table 8), the  lack  of a s t a t i s t i c a l l y  S i g n i f i c a n t  d i f -  
fe rence  of the lowest boom l e v e l  may be due to  the inaccuracy of  the sta- 
t i s t ica l  es t imat ion  technique  used  (see the  footnote  of Table ll). It 
is concluded ,  therefore ,  tha t  the  s tage  e f fec t  ( the  re la t ive  inf requency  
of Type 3 and Type 0 responses  to  the  noises  dur ing  s tage  Del ta  as compared 
to  their  f requency during s tages  2 o r  REM) holds ,  regardless  of the 
s t imu lus  i n t e n s i t y .  
E .  Adaptation 
1. Flyover  Noise 
For purposes of this  s tudy,  "adaptat ion" was defined primarily 
as a s t a t i s t i ca l ly  s ign i f i can t  r educ t ion  ove r  time i n  the frequency of 
awake response (Type 3 scores) and secondar i ly  as  an incGease i n  the  
frequency of no-responses (Type 0 scores) .  This  test  was app l i ed  to  a 
comparison of the response frequencies  during tes t  nights  1 and 2 with 
those during test n ights  5 and 6.  Nights 5 and 6 were selected because 
they were followed by  two control  nights ,  during which some l o s s  of 
adaptation might occur.  Assuming such a loss, comparisons made with 
l a t e r  n i g h t s  ( n i g h t s  T7, T8, and Tg, f o r  example) would be unl ikely to  
show s igni f icant  adapta t ion .  The data  presented in  Table  12 ind ica t e  
Table 11 
RESPONSE  FREQUENCIES O F  N'OvohlEN TO SIhlUIATED  SONIC BOOhlS 
AT THREE INTENSITIES DURING THE  THREE SLEEP STAGES 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
[ n t e n s i t y   o f  
Son ic  Boom 
( i n  psf*) 
0 .67t { 
2 .50*  1 
S l e e p  
S t a g e  
2 
D e l t a  
REhl 
2 
Del t a  
REhl 
2 




* A s  i f  measured out-of-doors .  
= 9.8 ,  6 d f ,  N.S. x 
** 
*x2 = 16.6, 6 d f ,  0 .02  > p > 0.01. 
= 31.5, 6 df, p < 0.001 
** 
I n  c a s e s  w i t h  more than two degrees  of freedom, good approximations 
of s i g n i f i c a n c e  l e v e l  a r e  o b t a i n e d  i f  f e w e r  t h a n  20 pe rcen t  of t h e  
cells  have   expec ted   f requencies  of about 1 (Ref .  10).  I n   c a s e s  
such a s  t h i s  where the rule was not  met and t h e  r e s p o n s e s  c o u l d  not  be 
combined with good reason,  the columns  inc luding  the  zeros ( r e sponses  
2 and 3) were excluded from the X-square calculation. The X-square 
D i s t r i b u t i o n  T a b l e  was then  en te red  wi th  the  deg rees  of freedom i n  
effect  had   the  column not been   exc luded .   Impl ic i t ly  i t  is assumed 
t h a t  t h e  e x p e c t e d  p r o b a b i l i t i e s  for  t h e  cel ls  o f  t h e  column i n  
q u e s t i o n  a r e  z e r o .  S i n c e  t h e  d e g r e e s  f r e e d o m  a r e  i n c r e a s e d  t h r o u g h  
t h i s  p r o c e d u r e ,  t h e  c a l c u l a t e d  x2 must  have a grea te r  magni tude  
to b e  s i g n i f i c a n t .  
T a b l e  1 2  
RESPONSE  FREQUENCIES OF WOhlEN TO SUBSONIC JET FLYOVER NOISE 
DURING COMBINATIONS OF TEST NIGHTS, SHOWING  ADAPTATION 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
T e s t   N i g h t s  
T1 and Tq 
v e r s u s  
















*x2 = 33.2,  3 d f ,  p c 0.001. 
'x2 = 12.1,  3 d f ,  p 0.01 < p < 0 .005 .  
3 
1 
t h a t  s o m e  a d a p t a t i o n  t o  t h e  f l y o v e r  n o i s e s  d i d  o c c u r .  T h e  f r e q u e n c y  of 
a w a k e  r e s p o n s e s  w a s  r e d u c e d  s i g n i f i c a n t l y  (from 59 p e r c e n t  t o  a b o u t  18 
p e r c e n t )  a n d  t h e  f r e q u e n c y  o f  n o - r e s p o n s e s  i n c r e a s e d  f r o m  a b o u t  15 p e r -  
c e n t  t o  4 9  p e r c e n t  when r e s p o n s e s  d u r i n g  n i g h t s  T I  a n d  T2 were compared 
w i t h  t h o s e  d u r i n g  n igh t s  T5  and  T6 .  
T h e  r e s p o n s e  f r e q u e n c i e s  d u r i n g  nights  T1, Tq,  and  T3 a r e  com- 
pa red  with t h o s e  d u r i n g  n i g h t s  T7, T8, and  Tg i n  the l o w e r  h a l f  of 
T a b l e   1 2 .   R e s p o n s e   f r e q u e n c i e s   o b t a i n e d   d u r i n g   n i g h t s  T7,  T8, and  Tg 
a r e  i n  t h e  p r e d i c t e d  d i r e c t i o n  t o  d e m o n s t r a t e  a d a p t a t i o n  a n d  s t a t i s t i c a l l y  
d i f f e r e n t  f r o m  t h o s e  o b t a i n e d  d u r i n g  t h e  first t h r e e  test n i g h t s .  How- 
e v e r ,  t h e  i n c r e a s e  i n  f r e q u e n c y  o f  T y p e  3 r e s p o n s e s  (from 17.5 p e r c e n t  
o n   n i g h t s  T5 and T t o  a b o u t  44 p e r c e n t   o n  the l a s t  three n i g h t s )   a n d  
the reduced  f r equency  o f  Type  0 r e s p o n s e s  ( f r o m  a b o u t  4 9  p e r c e n t  o n  n i g h t s  
T5  and T t o  a b o u t  33 p e r c e n t  o n  n i g h t s  T a n d   T g )   i n d i c a t e s  a l o s s .  
o f  some o f  the a d a p t a t i o n  t h a t  h a d  o c c u r r e d  d u r i n g  t h e  first s i x  consecu-  
t i v e  t es t  n i g h t s ,  b y  a l a c u n a  of t w o  n i g h t s  o f  q u i e t .  
6 
6 7' T8J 
2. S i m u l a t e d   S o n i c  Booms 
T h e r e   a p p e a r e d   t o   b e   s o m e   s m a l l   a d a p t a t i o n   t o   s o n i c   b o o m s .  A s  
c a n  b e  s e e n  i n  T a b l e  13, the i n i t i a l  f r e q u e n c y  of awakening ,   22   percent  
o n  n i g h t s  Tl  and  T2,  reduced t o  15 p e r c e n t  d u r i n g  n i g h t s  T5  and  T6. 
Very  l i t t l e  d i f f e r e n c e  i n  the number of Type  0 r e sponses   was   found .  How- 
e v e r ,  d e s p i t e  t h e  l a c k  o f  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s ,  t h e  t r e n d  
of t h e  d a t a - - p a r t i c u l a r l y  a s  d e s c r i b e d  b e l o w - - d o  i n d i c a t e  t h a t  a d a p t a t i o n  
t o  t h e  booms h a d  o c c u r r e d .  
T a b l e  13 
RESPONSE  FREQUENCIES OF WOMEN TO  SIMULATED SONIC BOOMS 
DURING COMBINATIONS OF TEST  NIGHTS, SHOWING  ADAPTATION 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
T e s t  Nights 
T l  and  T2 
v e r s u s  * 
T5 and  T6 
T1, T2  and  T3 
v e r s u s t  






2 1  3 
13 I 1 7  
* 2  x = 4.1,  3 df ,   N.S.  
= 16.9,  3 d f ,  p < 0.001. 2 
C o m p a r i n g  r e s p o n s e  f r e q u e n c i e s  d u r i n g  n i g h t s  T 1 ,  T2, and  T3 
( l o w e r  h a l f  of T a b l e  13) s u g g e s t s  t h a t  some a d a p t a t i o n  t o  t h e  s o n i c  
booms o c c u r r e d  t h a t  was n o t  n e g a t i v e l y  a f f e c t e d  b y  t w o  c o n t r o l  n i g h t s  
b e i n g   i n t e r s p e r s e d   b e t w e e n  a series of test n i g h t s .  Note a l s o  t h e  re- 
d u c t i o n  i n  T y p e  3 r e s p o n s e s  a n d  t h e  i n c r e a s e d  f r e q u e n c y  o f  T y p e  0 re- 
sponses  on  compar ing  n ights  T7 ,  T8 ,  and  T9 with n i g h t s  T 5  a n d  T 6 .  
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F. Time t o   R e t u r n   t o   S l e e p   a f t e r   B e h a v i o r a l   A w a k e n i n g  . "" 
1t .may be o f  some i n t e r e s t  t o  c o n s i d e r  t h e  d u r a t i o n a l  a s p e c t s  o f  
behav io ra l   awaken ing ,  i . e . ,  G i v e n  t h e  s u b j e c t  was  awakened  by  some  stimu- 
l u s ,  how  much time was r e q u i r e d  b e f o r e  s h e  r e t u r n e d  t o  s l e e p ?  For p u r -  
p o s e s   o f   t h i s   d i s c u s s i o n ,   s l e e p  i s  d e f i n e d   a s   s l e e p   s t a g e  2. S i n c e  
t h e r e  i s  n o  p r i m a  f a c i e  r e a s o n  f o r  e x p e c t i n g  a n  i m m e d i a t e  r e t u r n  t o  t h e  
s t a g e  f r o m  w h i c h  s h e  w a s  a w a k e n e d ,  o n e  m i g h t  r e a s o n a b l y  e x p e c t  a t  l e a s t  
a b r i e f  r e t u r n  t o  s l e e p  s t a g e  2 b e f o r e  g o i n g  i n t o  t h e  " d e e p e r "  s t a g e s  
( s t a g e s  3 or  4) o r  s l e e p  s t a g e  REM. 
On t h e   a v e r a g e ,   a s  shown i n  T a b l e  1 4 ,  t h e  s u b j e c t s  r e t u r n e d  t o  
s l e e p  i n  a b o u t  t h e  same time w h e t h e r  t h e y  were awakened   by   f l yove r   no i se  
o r  sonic   booms.  A s l i g h t  t e n d e n c y  t o  be awake s l i g h t l y  l o n g e r  ( a  f r a c -  
t i o n  o f  a m i n u t e )   a f t e r   b e i n g   a w a k e n e d   b y   f l y o v e r   n o i s e  i s  a p p a r e n t ,   b u t  
s u c h  s m a l l  d i f f e r e n c e s  p r e s u m a b l y  h a v e  n o  p r a c t i c a l  s i g n i f i c a n c e .  
T a b l e  1 4  
TIME TO RETURN TO SLEEP STAGE 2 
AFTER  BEHAVIORAL  AWAKENING 
Measure of  






S t i m u l u s  
5 . 3  m i n  
3 . 0  m i n  3.7 m i n  
5 . 0  m i n  
1-24 min 1-22 min 
* 
1 measure   o f  60 m i n  n o t  i n c l u d e d .  
'1 measure  o f  48  m i n  n o t  i n c l u d e d .  
G .  Comparison of Men and Women 
T h e  s l e e p  of women w a s  m o r e  d i s t u r b e d  b y  t h e  f l y o v e r  n o i s e  t h a n  w a s  
t h a t  o f  t h e  men, whi le  t h e  m i d d l e - a g e d  men3 were s l i g h t l y  more disturbed 
by the s o n i c  booms t h a n  were the women. As c a n  b e  s e e n  i n  T a b l e  15, t h e  
women were awakened  about twice a s  f r e q u e n t l y  a s  were t h e  men b y  t h e  
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T a b l e  15 
RESPONSE  FREQUENCIES OF MIDDLE-AGE  MEN AND WOMEN 
TO SUBSONIC JET FLYOVER NOISE AND SIMULATED SONIC BOOMS 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
S t i m u l u s   a n d  
I n t e n s i t y *  
F l y o v e r  
Noi set 
(101 ,  113, 
119 PNdB) 
S o n i c  
Booms* 
(0.67, 
5.0 p s f )  
2.50, 
































A s  i f  measu red   ou t -o f -door s .  
'x2 = 47.5, 3 d f ,  p < 0.001. 
*x2 = 17.2, 3 d f ,  p < 0.001. 
f l y o v e r  n o i s e ,  a n d  the  women showed  about 20 p e r c e n t   f e w e r   T y p e  0 re- 
s p o n s e s   t h a n   d i d   t h e  men. I n   c o n t r a s t ,   i n   r e s p o n s e  t o  t h e  s i m u l a t e d  
s o n i c  booms, t h e  men o b t a i n e d  a b o u t  5 p e r c e n t  more awake   responses   and  
a b o u t  5 p e r c e n t  more Type 0 r e s p o n s e s   t h a n   d i d  t h e  women. The women 
o b t a i n e d  s i g n i f i c a n t l y  more a r o u s a l  r e s p o n s e s  ( T y p e  2) t h a n  d i d  t h e  men. 
( A n a l y s i s  o f  t h e  r e l a t i v e  c o n t r i b u t i o n  of t h e  X-squares  of each c e l l  t o  
the X-square of the w h o l e  t a b l e ,  i n d i c a t e s  t h a t  67 p e r c e n t  o.f t he  v a l u e  
of t h e  t o t a l  X - s q u a r e  was a t t r i b u t a b l e  t o  t h e  Type  2 r e s p o n s e s . )  
Note, h o w e v e r ,   t h a t  women were awakened more f r e q u e n t l y  a n d  o b t a i n e d  
fewer Type 0 r e s p o n s e s  t h a n  d i d  t h e  men a t  a l l  i n t e n s i t i e s  of t h e  f l y o v e r  
n o i s e .  While i n  r e s p o n s e  t o  booms t h e  r e s p o n s e s  of t h e  men and women 
were s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  t w o  lower boom l e v e l s  (0.67 and 2.50 
p s f )   o n l y .  A t  boom leve ls  of 5.0 p s f ,  t h e  r e s p o n s e s  of men and women 
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were s i m i l a r  s t a t i s t i c a l l y ,  b u t  the  men s t i l l  r e s p o n d e d  wi th  more be- 
havor ia l  a w a k e n i n g s   t h a n   d i d  the women. A t  a l l  levels of the s o n i c  boom, 
the women c o n s i s t e n t l y  were aroused   (Type  2 r e s p o n s e )  more f r e q u e n t l y  
t h a n  were t h e  men, T h e s e  d a t a  a r e  p r e s e n t e d  i n  T a b l e  16. 
H .  S u b j e c t i v e  . .. . -~ ~" E f f e c t s  of the  Noises on S l e e p  
T h e  e i g h t  s u b j e c t s  o f  this s t u d y  were t e s t e d  i n  two g r o u p s  of f o u r .  
A q u e s t i o n n a i r e  a d m i n i s t e r e d  o n  s e v e r a l  o c c a s i o n s  t o  both g r o u p s  was 
c o m p l e t e d  b y  e a c h  s u b j e c t  i n  o r d e r  t o  e s t i m a t e  the s u b j e c t i v e  e f f e c t s  of 
n o i s e   o n   t h e i r   s l e e p .   A l t h o u g h  the  q u e s t i o n n a i r e s   a d m i n i s t e r e d  t o  the 
t w o  g r o u p s  were n o t  i d e n t i c a l  ( t h e  r e s u l t  of a n  e f f o r t  t o  improve i t ) ,  
c e r t a i n  q u e s t i o n s  i n  t h e  two fo rms  were t h e   s a m e ,   a n d   o n l y  the  r e s u l t s  
f r o m  t h e s e  q u e s t i o n s  a r e  d i s c u s s e d  h e r e .  
1. A c t u a l   V e r s u s   R e p o r t e d  Number of  Awakenings 
I n  c o n t r a s t  t o  t h e  g e n e r a l  b u t  s l i g h t  t e n d e n c y   f o r   m i d d l e - a g e d  
men t o  u n d e r e s t i m a t e  t h e  n u m b e r  o f  times t h e y  a c t u a l l y  were b e h a v i o r a l l y  
awakened   each   n igh t ,   t he  women t ended  t o  o v e r e s t i m a t e .  Women, o n   t h e  
a v e r a g e ,   r e p o r t e d   b e i n g   a w a k e n e d   o n c e  more f r e q u e n t l y  e a c h  n i g h t  t h a n  
i n d i c a t e d  b y  the  a c t u a l  number o f  "awake" switch u s e s ,  while the men, on 
t h e   a v e r a g e ,   r e p o r t e d   b e i n g   a w a k e n e d  less f r e q u e n t l y  ( a b o u t  0 .5  a a a k e n i n g  
p e r   n i g h t )   t h a n   t h e   n u m b e r  of times t h e   s w i t c h   w a s   a c t i v a t e d .   T h e s e  
r e s u l t s  may r e f l e c t  t h e  g e n e r a l l y  h i g h e r  f r e q u e n c y  o f  a r o u s a l s  ( T y p e  2 
r e sponse )   by  women t h a n  b y  men t o  b o t h  booms a n d  f l y o v e r s  (see T a b l e s  
15 and 16) .  
2 .  P e r c e i v e d   D i s r u p t i o n  of S l e e p   b y  Booms V e r s u s   F l y o v e r s  
I t  may be o f  some i n t e r e s t  t o  n o t e  a n  a p p a r e n t  d i s c r e p a n c y  
between t h e  number  of times t h e  s u b j e c t s  t h o u g h t  t h e y  were awakened  by 
t h e  two s t i m u l i  a n d  their  p e r c e p t i o n  o f  t h e  "most d i s t u r b i n g "  n o i s e .  
T a b l e  17 s h o w s   t h a t ,   w h e r e a s   t h e   s u b j e c t s   t h o u g h t  themselves t o  be awakened 
much more f r e q u e n t l y  b y  f l y o v e r  n o i s e  t h e n  b y  booms ( a n d  t h e  object ive 
d a t a ,   p r e s e n t e d   e a r l i e r ,   a r e   i n   a g r e e m e n t ) ,   t h e y   t h o u g h t  the  s o n i c  booms 
t o  be more d i s t u r b i n g  t h a n  f l y o v e r  n o i s e .  
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T a b l e  16 
RESPONSE  FREQUENCIES OF MIDDLE-AGE MEN AND WOMEN 
TO SUBSONIC JET FLYOVER NOISE AND SIMULATED SONIC BOOMS 
EACH AT  HREE INTENSITIES 
(Numbers  i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
S t i m u l u s  
F l y o v e r  
Yoise 
s o n i c  
300111s 
: n t e n s i t y *  








2 . 5 t t  



























(40  -0) 
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As if m e a s u r e d   o u t - o f - d o o r s .  
tX2 = 27.7,  3 d f ,  p < 0.001. 
*x2 = 14.0, 3 d f ,  0.005 < p < 0.001. 
g X 2  = 22.4, 3 d f ,  p < 0.001. 
**x2 = 17.3, 3 d f ,  p < 0.001. 
t tX2 = 17.5,  3 d f ,  p < 0.001. 
**x2 = 5.7, 3 d f ,  N . S .  
1 
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T a b l e  17 
RELATIONSHIP BETWEEN PERCEIVED  FREQUENCY 
OF AWAKENING BY AND DISTURBANCE  ATTRIBUTED 
TO  FLYOVER NOISE VERSUS BOOMS 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
" .  . .  . - 
F l y o v e r  
~~ S u b j e c t s  : Booms N o i s e  .- ~ 
Though t   t hey  were 
awakened  by 
16 times 56 times 
( 8 5  . O )  ( 15 . O )  i n d i c a t e d )  most d i s t u r b i n g  
17 times 34 times T h o u g h t   t h e   ( s t i m u l u s  
(22 .2) ( 7 7 . 8 )  
. - .- - . . 
3 .  P e r c e i v e d  . .. - F a t i g u e   a t   N i g h t   a n d   Q u a l i t y   o f   S l e e p  
I t  was though t ,   on  t h e  b a s i s  of some e a r l i e r  work,12 t h a t  t h e  
s u b j e c t ' s  s e l f - a s s e s s m e n t  of h e r  s t a t e  o f  f a t i g u e  before r e t i r i n g  m i g h t  
i n f l u e n c e  h e r  r e s p o n s i v e n e s s  t o  n o i s e  d u r i n g  s l e e p  a n d  h e r  a s s e s s m e n t  o f  
the q u a l i t y  or  t h e   d e g r e e   o f   d i s t u r b a n c e  of t h e  n i g h t ' s  s l e e p .  E a c h  
e v e n i n g  t h e  s u b j e c t s  ( o n l y  f o u r  o f  t h e  e i g h t  s u b j e c t s )  c h e c k e d  a s e v e n -  
p o i n t  s c a l e  ( " V e r y  Wide Awake'' and  "Unable t o  Keep  Eyes  Open," a t  the 
e x t r e m e s )  t o  i n d i c a t e   t h e i r   r e l a t i v e   f a t i g u e ,   a n d   i n   t h e   m o r n i n g ,   s h o r t l y  
a f t e r  a r i s i n g ,  d e s c r i b e d  t h e  e x t e n t  t o  which their  s l e e p  was d i s t u r b e d .  
T h e  d i s t u r b a n c e  item c o n t a i n e d  f o u r  c a t e g o r i e s  r a n g i n g  f r o m  " V e r y  Much 
D i s t u r b e d "  t o  " N o t   D i s t u r b e d , "   a s  i s  shown i n   T a b l e  18. The   r e sponse  
c a t e g o r i e s  were combined ( i n  T a b l e  1 8 )  s i n c e  t h e  s u b j e c t s  a p p a r e n t l y  h a d  
d i f f i c u l t y  d i s c r i m i n a t i n g  b e t w e e n  some of t h e  c a t e g o r i e s ,  e s p e c i a l l y  
t h o s e  n e a r  t h e  m i d d l e  o f  t h e  r e s p o n s e  r a n g e ,  a n d  i n  o r d e r  t o  more e a s i l y  
d i s c e r n  t r e n d s  i n  l i g h t  of the l i m i t e d   s a m p l e .   I n   g e n e r a l ,   t h e   t r e n d  of 
t h e  d a t a  i s  what   might  be e x p e c t e d :   F o r   e x a m p l e ,   g i v e n  a m o d e r a t e l y  
s l e e p y  s t a t e  a t  n i g h t ,  t h e  r e l a t i v e  f r e q u e n c y  of " N o t  D i s t u r b e d "  r e s p o n s e s  
i s  r e d u c e d  a s  t h e  r e s u l t  of n i g h t s   w i t h   n o i s e .   G r a n t e d   t h a t   t h e   s m a l l  
s a m p l e   p r e c l u d e s   a n y   g e n e r a l i z a t i o n s ,  t h e  t r e n d  of t h e  d a t a  s u g g e s t s  t h e  
approach  may be of some v a l u e  f o r  f u t u r e  s t u d i e s .  
4 .  P e r c e i v e d   F r e q u e n c y  of A w a k e n i n g   a n d   Q u a l i t y   o f   S l e e p  
T a b l e  19 s h o w s  t h e  s u b j e c t i v e  a s s e s s m e n t  of the d e g r e e  of s l e e p  
d i s t u r b a n c e  a s  r e l a t . e d  to  t h e   f r e q u e n c y  of r e p o r t e d   a w a k e n i n g s .  As t h e  
number of r e p o r t e d  a w a k e n i n g s  lncreaaed, t h e  f r e q u e n c y  of "Moderate" 
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T a b l e  18 
RELATIONSHIP BETWEEN SUBJECTIVE  FATIGUE  STATE AT NIGHT 
AND THE  PERCEIVED  QUALITY OF SLEEPING THE FOLLOWING MORKIXG 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
C o n d i t i o n  
C o n t r o l  
Nights 
( w i t h o u t  
n o i s e )  
rest 
Nigh t s  
( w i t h  
n o i s e )  
Q u a l i f y  of  S l e e p  
Very much d i s t u r b e d  
S l i g h t l y  d i s t u r b e d  
O n l y  a l i t t l e  d i s t u r b e d  I 
Not d i s t u r b e d  
Very much d i s t u r b e d  
S l i g h t l y   d i s t u r b e d  
Only a l i t t l e  d i s t u r b e d  
Not d i s t u r b e d  






(68 .2)  
6 








( 2 5  .O> 
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T a b l e  19 
RELATIONSHIP BETWEEN  UMBER OF REPORTED  AWAKENINGS 
AND SUBJECTIVE ASSESSmNT OF SLEEP QUALITY 
(Numbers i n  p a r e n t h e s e s  a r e  p e r c e n t a g e s )  
Repor t ed  Number 
of  Awakenings  
( Q u e s t i o n  3) 
0 
r 
1 or 2 
3 or  4 
5 t o  7 
Sub 
Very  Much 






c t ive  D i s t u r b a h c e  ( Q u e s t ;  
S l i g h t l y  
D i s t u r b e d  
O n l y  a L i t t l e  



















P h i '  = 0.39 ( R e f .  10, pp.  604-606) . 
d i s t u r b a n c e s  i n c r e a s e d  wh i l e  the  f r e q u e n c y  of "Not D i s t u r b e d "  d e c r e a s e d .  
A s  n o t e d  i n  t h e  p r e c e d i n g   s e c t i o n ,   t h e   l i m i t e d   s a m p l e   p r e c l u d e s   a n y   g e n e -  
r a l i z a t i o n s ,  b u t  the  results do s u g g e s t  t h a t  f u r t h e r  work w i t h  the de- 
s c r i b e d   a p p r o a c h  i s  w a r r a n t e d .  
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V DISCUSS ION 
G e n e r a l l y ,  t h e  lowest f r e q u e n c y  o f  a w a k e  r e s p o n s e s  t o  f l y o v e r  n o i s e  
and sonic b o o m s  w a s  f o u n d  d u r i n g  s l e e p  s t a g e  D e l t a ,  b u t  a l s o  t h e  l o w e s t  
f r equency   o f   Type  0 r e s p o n s e s  was f o u n d .   C o n v e r s e l y ,   t h e   h i g h e s t   f r e -  
q u e n c i e s  o f  a w a k e  r e s p o n s e s  a n d  t h e  l o w e s t  f r e q u e n c i e s  o f  T y p e  0 r e s p o n s e s  
were o b t a i n e d   i n   s t a g e s  2 and REM. T h e   p h y s i o l o g i c a l   o r   p s y c h o l o g i c a l  
s i g n i f i c a n c e ,  i f  a n y ,  o f  t h i s  p a t t e r n  o f  r e s p o n s e s  t o  n o i s e  d u r i n g  s l e e p  
i s  u n c l e a r .   H o w e v e r ,   t h e   i m p l i c a t i o n s   f o r   d e t e r m i n a t i o n   o f   r e s p o n s e  
t h r e s h o l d s   d u r i n g   t h e   d i f f e r e n t   s l e e p   s t a g e s   a r e   w o r t h y   o f   n o t e :  If an 
a t t e m p t  is made t o  d e t e r m i n e  a n  EEG c h a n g e   t h r e s h o l d ,  i t  a p p e a r s  t h a t  
t h e  l o w e s t  t h r e s h o l d  ( c o m p a r e d  t o  t h a t  o f  s t a g e s  2 and REM) w i l l  b e   o b -  
t a i n e d  d u r i n g  s t a g e  D e l t a ,  b u t  t h e  h i g h e s t  t h r e s h o l d s  w i l l  b e   o b t a i n e d  
d u r i n g  s t a g e  D e l t a  i f  b e h a v i o r a l  a w a k e n i n g  i s  t h e  c r i t e r i o n  r e s p o n s e .  
I f  o n e  s t u d i e s  t h e  e f f e c t  o f  c h a n g e s  i n  s t i m u l u s  i n t e n s i t y  o n  a 
g i v e n  r e s p o n s e  i n  a n y  g i v e n  s l e e p  s t a g e  ( T a b l e s  8 and l l ) ,  o n l y  a s l i g h t ,  
a t   b e s t ,   s y s t e m a t i c   e f f e c t   c a n   b e   d i s c e r n e d ,   T h e   m o s t   o b v i o u s   e x c e p t i o n  
i s  t h a t  o f  b e h a v i o r a l  a w a k e n i n g  ( T y p e  3 r e s p o n s e ) ,  w h i c h  g e n e r a l l y  s h o w s  
a n  i n c r e a s e d  f r e q u e n c y  o f  a w a k e n i n g  f o r  e a c h  s l e e p  s t a g e  w i t h  i n c r e a s e s  
o f   i n t e n s i t y .  On the b a s i s   o f   t h e   d a t a   a v a i l a b l e  i t  a p p e a r s   o u r   e a r l i e r  
s u g g e s t i o n 2   a n d   t h a t   o f   o t h e r s 1 3 - 1 6   ( b a s e d   o n   s o m e w h a t   d i f f e r e n t   g r o u n d s )  
t h a t  b e h a v i o r a l  a w a k e n i n g  seems t o  b e  t h e  m o s t  m e a n i n g f u l  d a t a  t o  b e  o b -  
t a i n e d  r e g a r d i n g  t h e  e f f e c t s  o f  n o i s e  o n  s l e e p  i s  i n d i r e c t l y  s u b s t a n t i a t e d  
b y  t h e  l a c k  o f  a s y s t e m a t i c  p a t t e r n  i n  t he   EEG-de te rmined   r e sponses   t o  
c h a n g e s   i n   n o i s e   i n t e n s i t y .  I t  m i g h t   b e   a d d e d ,   p a r e n t h e t i c a l l y ,   t h a t   t h e  
g e n e r a l  i n c r e a s e  i n  p e r c e i v e d  d i s t u r b a n c e  w i t h  p e r c e i v e d  number o f  
awakenings  as   shown i n  T a b l e  1 9  (or wi th   t he   number   o f   ac tua l   awaken ings )  
a l s o  e m p h a s i z e s  t h e  r e l a t i v e  i m p o r t a n c e  o f  b e h a v i o r a l  a w a k e n i n g  a s  a 
c r i t e r i o n  f o r  s l e e p  d i s t u r b a n c e .  
W i t h  r e s p e c t  to  d i f f e r e n c e s  i n  r e s p o n s e  d u e  t o  gende r ,  t h e  d a t a  
p r e s e n t e d   a b o v e   s u g g e s t   t h a t ,   o n   t h e   a v e r a g e ,   m i d d l e - a g e d  women t e n d  t o  
b e  m o r e  f r e q u e n t l y  a w a k e n e d  b y  n o i s e  ( f l y o v e r s  a n d  s o n i c  booms i n  t h i s  
c a s e )   t h a n   d o  men, and t h a t  women t end   t o   be   awakened  more f r e q u e n t l y  
by   subson ic   f l yove r   no i se   t hen   by   s imula t ed   son ic   booms .   Midd le -aged  
men, i n  c o n t r a s t ,  were a w a k e n e d   a s   f r e q u e n t l y   b y   t h e   s u b s o n i c   f l y o v e r  
n o i s e s  a s  b y  t h e  s i m u l a t e d  s o n i c  booms, b u t  m o r e  f r e q u e n t l y  b y  t h e  booms 
t h a n  were t h e  women. Wi lson   and   Zune  who used  a v a r i e t y   o f   s t i m u l i - -  
such   a s   doorbe l l s ,   bagp ipes ,   and   Ch inese   gongs - - showed   s imi l a r   r e sponse  
d i f f e r e n c e s  b e t w e e n  s e x e s .  
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T h e  r e s u l t s  may ref lect  a c t u a l  s e x - r e l a t e d  d i f f e r e n c e s  i n  g e n e r o l  
s e n s i t i v i t y  t o  n o i s e  d u r i n g  s l e e p ,  e s p e c i a l l y  i n  l i g h t  o f  the f a c t  ~il : .~!  
t h e  women a r e  b e i n g  c o m p a r e d  w i t h  men o l d e r  b y  some 15 y e a r s ,  OD t h t ?  
a v e r a g e .   O u r   p r e v i o u s  s t ~ d i e s ~ , ~  c l e a r l y  i n d i c a t e  t h a t ,  o t h e r  t h i n g s  
b e i n g  e q u a l ,  t h e  o l d e r  s u b j e c t  ' i s  more s e n s i t i v e  t o  n o i s e  d u r i n g  s l e e p .  
On t h e  o t h e r  h a n d ,  a l t e r n a t i v e  e x p l a n a t i o n s  a r e  p o s s i b l e ,  and t h e  
a l t e l - n a t i v e s  may h a v e  ' h e u r i s t i c  v a l u e .  One a l t e r n a t i v e  d e a l s  w i t h  t h e  
q u e s t i o n   o f   e x p e r i m e n t a l   m e t h o d .  I n  o u r   p r e v i o u s   s t u d i e s , l e 3   t h e   s u b -  
. j c c t s  were Lested  no more f r e q u e n t l y  t h a n  twice a  week o n  nonconsecutive: 
n i g h t s .   T h e   d i f f e r e n c e s   o b t a i n e d  may r e f l e c t ,  i n  p a r t ,   a n   e f f e c t  result- 
i n g   f r o m   t h e   n u m b e r   o f   c o n s e c u t i v e   n i g h t s   o f   s t i m u l a t i o n .   T h a t  some 
a d a p t a t i o n  i s  l o s t  or  r e d u c e d  b y  n i g h t s  o f  n o  s t i m u l a t i o n  i s  s u g g e s t e d  
b y  t h e  a p p a r e n t  i n c r e a s e d  s e n s i t i v i t y  t o  n o i s e  a f t e r  two n i g h t s  o f  
s l e e p i n g  i n  t h e  q u i e t  ( T a b l e s  12  and 1 3 ) .  
A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  women may h a v e  h a d  b e t t e r  h e a r i n g  
t h a n  t h e  men, a l t h o u g h  t h e  a u d i o g r a m s  o f  b o t h  g r o u p s  were wi th in   no rma l  
limits. I t  i s  known18 t h a t  women show less h e a r i n g  loss t h a n  men a t  
c o m p a r a b l e  a g e s ,  b u t  t h e  d i f f e r e n c e s  b e c o m e  p a r t i c u l a r l y  p r o n o u n c e d  a t  
f r e q u e n c i e s   a b o v e   a b o u t  1000 Hz a f t e r   t h e   a g e   o f   a b o u t   4 0   y e a r s .  Com- 
p a r i s o n  o f  t h e  f r e q u e n c y  s p e c t r a  o f  s u b s o n i c  j e t  f l y o v e r  n o i s e s  w i t h  
t h o s e  o f  sonic  booms i n d i c a t e  t h a t  m o s t  o f  t h e  a c o u s t i c  e n e r g y  i n  f l y -  
o v e r  n o i s e s  f a l l s  i n  t h e  1 2 5 -  t o  4000-Hz r a n g e ,  w h i l e  i n  s o n i c  booms  most 
o f  t h e  e n e r g y  i s  b e l o w   a b o u t  100 Hz.11 O u r   m a l e   s u b j e c t s   h a d   a n   a v e r a g e  
a g e   o f   5 0   y e a r s ,   a n d   t h e  women o n e  o f  3 5  y e a r s ,  o r  p a r t i c u l a r l y  t h o s e  
a g e s  a t  w h i c h  women a r e  m o r e  l i k e l y  t h a n  a r e  men t o  h e a r  t h e  h i g h e r  f re - .  
q u e n c i e s   c o n t a i n e d  i n  t h e  s u b s o n i c  j e t  f l y o v e r  n o i s e s .  
A f i n a l  a l t e r n a t i v e  i s  t h a t ,  s i n c e  t h e  s a m p l e  s i z e  was s m a l l  ( t w e l v e  
s u b j e c t s ) ,  the  r e s u l t s  s i m p l y  r e f l e c t  t h e  p e c u l i a r i t i e s  o r  i d i o s y n c r a c i e s  
o f  t h e  p a r t i c u l a r  s u b j e c t s  s t u d i e d .  
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V I  CONCLUSIONS 
C e r t a i n  c o n c l u s i o n s  ( t e n t a t i v e  a t  t h i s  time b e c a u s e  o f  s a m p l e  s i z e )  
may be drawn:  
(1) On t h e   a v e r a g e ,   e i g h t   m i d d l e - a g e d  women, w i t h  a  mean a g e  
o f   3 5   y e a r s ,  were awakened  by  about  42 p e r c e n t   o f   s u b s o n i c  
j e t  f l y o v e r  n o i s e s  r a n g i n g  i n  i n t e n s i t y  f r o m  101 t o  119 
PNdB, a s   m e a s u r e d   o u t - o f - d o o r s .   T h e y  were awakened  by 
a b o u t  15 p e r c e n t  o f  t h e  s i m u l a t e d  s o n i c  booms r a n g i n g  i n  
i n t e n s i t y  f r o m  0.67 t o  5.0 p s f ,  a s  m e a s u r e d  o u t - o f - d o o r s .  
(2 )  On t h e   a v e r a g e ,   i n   m i d d l e - a g e  women a s u b s o n i c  je t  
f l y o v e r  n o i s e  o f  a b o u t  101 PNdB was a s  a w a k e n i n g  a s  
s i m u l a t e d  s o n i c  booms o f   a b o u t  3.8 p s f  ( b o t h  s o u n d s  a s  
i f  m e a s u r e d  o u t - o f - d o o r s ) .  
(3) On t h e   a v e r a g e ,   t h e   f e m a l e   s u b j e c t s   t e n d e d   t o   b e   m o r e  
f r equen t ly   awakened   and   a roused   by  noise d u r i n g  s l e e p  
t h a n  were t h e  men i n   p r e v i o u s   s t u d i e s .  I n  p a r t i c u l a r ,  
women were a b o u t  twice a s  l i k e l y  t o  be  awakened  by 
s u b s o n i c  j e t  f l y o v e r  n o i s e  o f  t h e  s a m e  i n t e n s i t y  a s  
were t h e   m i d d l e - a g e d  men. I n   c o n t r a s t ,   t h e  men t e n d e d  
t o  b e  s l i g h t l y - - a b o u t  1 .5  t i m e s - * o r e  l i k e l y  t o  b e  
awakened  by sonic  booms o f  t h e  s a m e  i n t e n s i t y  t h a n  
were t h e  m i d d l e - a g e d  women. 
30 
REFERENCES 
1. J . S . Lukas  and K .  D .  Kryter, A Preliminary Study of the Awakening 
and S ta r t l e  E f fec t s  o f  S imula t ed  Son ic  Booms," NASA Report No. 
CR-1193 [Prepared under Contract NAS1-6193, SRI P ro jec t  6064, by 
Stanford Research I n s t i t u t e ,  Menlo Park, California] (September 
1968) . 
11 
2 .  3. S . Lukas and K .  D .  Kryter, Awakening Ef fec t s  of Simulated  Sonic 
Booms and Subsonic Aircraft  Noise on Six Subjects ,  7 t o  72 Years of 
Age, NASA Report No.  CR-1599 [Prepared under Contract NAS1-7592, 
SRI Pro jec t  7270, by Stanford Research I n s t i t u t e ,  Menlo Park, 
Cal i forn ia]  (May 1970). 
11 
11 
3 ,  J .  S .  Lukas, M .  E.  Dobbs, and K .  D .  Kryter,  "Disturbance  of Human 
Sleep by Subsonic Jet  Aircraf t  Noise and Simulated Sonic Booms," 
NASA Report No.  CR-1780 [Prepared under Contract NAS1-9286, SRI 
P ro jec t  8022, by Stanford Research I n s t i t u t e ,  Menlo Park,  California] 
(July 1971).  
4. R .  W. Becker, J .  S .  Lukas, Mary E.  Dobbs, and F. Poza, "A Technique 
f o r  Automatic Realqime Scoring of Several Simultaneous Sleep 
Electroencephalograms," National Aeronautics and Space Administration, 
Report No.  CR-1840 [Prepared under Contract NAS1-9286, SRI P ro jec t  
8027, by Stanford Research I n s t i t u t e ,  Menlo Park,  Cal i fornia]  
(August  1971). 
5 ,  R .  L.  Williams, H.  W. Agnew, Jr., and W. B. Webb, "Sleep  Pat terns  
i n  the  Young Adult Female: An EEG Study," Electroencephalography 
and C l in i ca l  Neurophysiology, V o l .  20, pp. 264-266 (1966) . 
7.  H. W. Agnevr, W. B. Webb, and R .  L .  Williams, "The F i r s t  N igh t  E f fec t :  
An EEG Study of Sleep," Psychophysiology, Vol.  2, pp. 263-266 (1966) . 
8 .  G. G. Globus, "Quant i f icat ion of t he  REM Sleep  Cycle A s  a Rhythm," 
Psychophysiology, Vol . 7.  pp.  249-253 (1970) . 
31 
9. A. Rechtschaffen and A.  Kales, eds ., A Manual of Standardized 
Terminology, Techniques and Scoring System fo r  S leep  S tages  of 
Human Subjects , t t  Publ icat ion No. 204, Nat iona l  In s t i t u t e  o f  Pub l i c  
Health, U .S . Dept . of He-alth, Education and Welfare (1968) . 
11 
10. W. L. Hays, S t a t i s t i c s  f o r  P s y c h o l o g i s t s ,  pp. 596-597 (Holt ,   Rinehart  
and Winston, New York, New York, 1963). 
11. K.  D. Kryter, The Ef.fects of  Noise on M a n ,  pp. 364-396, (Academic 
Press ,  New York, New York, 1970). 
12, P. Hauri, "Evening Activity,  Sleep Mentation, and Subject ive Sleep 
Qual i ty ,  J . Abnormal Psycho1 ., Vol . 76, pp. 270-275  (1970) . 11 
13. P. A .  Morgan, "Effects  of Noise on Sleep," Tech. Report No. 40, 
I n s t i t u t e  of Sound and Vibration Research, University of Southhampton, 
England (December 1970) . 
14. P. A .  Morgan and C. G. Rice, "Behavioral Awakening i n  Response t o  
Indoor Sonic Booms," Tech. Report No. 41, I n s t i t u t e  of Sound and 
Vibration Research, University of Southampton, England (December 
1970) . 
15. W. B. Zimmerman, "Sleep Mentation and Auditory Awakening Thresholds," 
Psychophysiology,  Vol. 6, pp. 540-549  (1970). 
16. K .  D. Kry te r ,  Damage-Risk C r i t e r i a  f o r  Hearing," i n  Noise  Reduction, 
L .  L. Beranek, ed., pp. 495-513, (McGraw-Hill Book  Co., N e w  York, 
New York, 1960) . 
11 
32 NASA-Langley, 1972 - 32 CR-2041 
